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PRACTICAL  EXPERIMENTS  WITH  A  MIXTURE  (F  SODIUM 
CHLORIDE  AND  CE>ffiHr  AS  A  REAGENT  FOR  SEELING 
URGE  CUMULUS  CLOUDS 

by  7e.  P.  Budilova^  Te.  Te.  Komlysnko> 

V.  T.  Lanshin  and  D.  D.  Stalarich  • 

Introduction 

Theoretical  and  experimental  lnvestir;ations  into  the  use 
of  hygroscopic  substances  as  roai^ento  for  soodinc:  lar.^o  cumulus 
clouds  with  the  purpose  of  producin';  artificial  rain  \;ore  car» 
ried  out  In  1960»-19<S5  in  the  Department  of  Physics  of  clouds 
and  active  seedin';  of  the  l^ain  ^reophyslcal  Observatory  i/n  A.  I, 
Voyeyhov. 

The  theoretical  assessment  of  the  optimal  use  of  the  rc- 
aj-jont  and  the  sizes  of  its  particles,  dopendinc  on  the  para- 
meters  of  the  convective  clouds  to  be  seeded,  rras  finalized  by 
the  experimental  method.  Although  the  field  tests  involvin.^ 
the  use  of  a  hygroscopic  a,';ent  for  seedlnc;  purposes  \;ere  epi^ 
sodlc  in  nature  and  the  resultln,';  assessment  of  the  effective** 
ness  of  that  seedin,-;  method  could  be  considered  merely  as  pre- 
lirainarj',  it  was  established  that  positive  results  could  be 
achieved  under  certain  conditions. 

Practical  tests  with  a  mixture  of  sodium  chloride  and  cem¬ 
ent  as  a  reagent  for  seeding  convective  clouds  in  the  steppe 
re, 'lions  of  the  Ultra Ine  \ierc  carried  out  in  Iiiy-,Tune  I966  by  the 
decision  of  the  Ilaln  Administration  of  the  r!ydromctoorolO;';lcal 
fiorvices.  The  tests  v;ere  carried  out  by  the  T;ork9rs  of  the 
!!ain  C-oopliysical  observatory  i/n  Voyoy!:ov  and  the  Ul:rainian 
::ydronotoorolO;':lcal  Scientific  .Research  Institute  {from  ISiy 
throu;;h  13  June)  v/ho  used  an  J.L-1^  flyin.^  laboratory  equipped 
with  a  set  of  aerolo^lcal  apparatuses  15/  and  a  pac’-ra^-in,';  and 
moasurln"  device.  I!ost  of  tho  experiments  were  carried  out  in 
the  area  of  the  noteorolotical  testin.";  4';round  of  the  Ulcrainian 
■'ydrometeorolo~ical  Scientific  Research  Institute. 
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The  purpose  of  the  tests  vrass 

a)  to  Get  additional  experimental  data  on  the  optimal  con** 
ditlons  of  seedlnG  convective  clouds  in  lilGh  and  lov;  temperatures 
uslnG  a  mixture  of  sodium  chloride  and  cement  as  a  reasent^ 

b)  to  test  the  paclcaGinc  and  measurinG  device  developed  by 
the  Main  Geophysical  Observatory  l/n  Voyeykov  for  IntroduclnG 
the  reaGent  into  the  clouds* 

c)  the  development  of  seedinG  methods  and  vreiys  of  control** 
linG  them  by  the  use  of  the  data  from  the  precipitation  raeasur** 
InG  and  jJluvloGraphic  notv/ork  and  radar  stations. 

PreparlnG  the  ReaGent  and  the  Experimentation 

Ordinary  table  salt  (NaCl)  and  cement  (ll-bOO  or  1I»'500)  in  a 
4il  mixture  v/ere  used  as  startlnc  material  for  preparlnc  the  re¬ 
aGent,  The  follov;inG  technolocy  '/as  used  in  preparlnc  the  re** 
acent  t 

a)  the  salt  v/as  dried  in  a  crucible  furnace  (for  1.5**2  liro, 
at  a  temperature  of  150**'200°)  with  a  viev/  to  dehydratinc  it^ 

b)  the  salt  i/as  ground  in  a  ball  mill  in  order  to  reduce 
the  particles  to  a  5**7  micron  radius.  Tlieoretical  calculations 
shov/ed  it  to  bo  the  optimal  size'; 

c)  cement  vms  added  to  prevent  the  salt  particles  from 
stickinG  tocathor  later  on.  ^e  cement  v/as  therefore  put  into 
the  ball  mill  drums  lialf  an  hour  to  an  hour  before  the  end  of  the 
salt**grindlnG  process  thereby  ensurlnc  the  proper  mixture  of  the 
conQsononts. 

The  finished  reacent  v/as  stored  in  metal  (or  polyethylene) 
hoppers  with  a  capacity  of  20*.b0  liters  in  v/hlch  it  could  be 
Icept  (when  sealed)  without  chanGing  the  initial  spectrum  of  the 
particles  for  several  years. 

Packagas  made  of  filter  paper  in  the  form  of  cylinders  of 
various  sizes  and  containing  from  0.1  to  0.5  kilocrams  /3/  v/ere 
filled  v/lth  the  reagent  2-3  hours  before  the  laboratory-plane 
took  off  for  seeding  operations.  Tied  v/lth  cord  at  both  ends, 
the  reagent -containing  paclaiges  v/ere  placed  in  cardboard  boxes 
and  kept  in  the  plane,  and  then  placed  (singly  or  in  pairs)  in 
each  of  the  10  containers  of  the  measuring  device. 

The  expected  intensity  of  atmospheric  convection  v/as  cal¬ 
culated  by  the  stratum  method  /l/  and  the  results  of  the  calcu¬ 
lation  for  the  Ulcralnian  territory  v/ere  napped  on  the  basis  of 
the  radio-sounding  data  3  hours  before  talce-off. 

After  establishing  a  tv;o-v/ay  radio  communication  betv/een 
the  plane  and  the  radar  facilities  of  the  testing  ground,  the 
plane  left  for  tho  area  scheduled  for  seeding  operations  v/here 
an  assessment  v/as  made  of  the  general  condition  of  the  cloud 


area,  their  forms  and  quantity,  the  tendency  to  further  develop" 
ment  of  brealcup,  the  altitude  of  the  base  of  the  oonveotive 
clouds,  the  upper  boundary  of  the  main  oloud  area  and  the  alti* 
tude  of  the  most  developed  oloud  pealcsT  established  also  ims 
tho  presence  of  clouds  vrith  indications  of  or3''8talli3ation  (or 
lack  of  it),  natural  precipitation  zones  as  v;ell  as  their  loca* 
tion  at  the  time  of  the  seedinc  operations, 

Lar{?e  cumulus  clouds  of  a  liquid  structure  were  selected 
for  scedlnc  purposes.  Their  condition  \rtis  determined  by  the  ap« 
pearance  and  the  optical  phenomena  at  tho  oloud  tops.  Isolated 
lar^e  cumulus  clouds  in  the  sta^^e  of  development  or  a  group  of 
several  clouds  usually  ranged  iii  banks  v;ere  selected  for  seeding. 

Tlie  reagent  vms  measured  after  tho  geometrical  dimensions 
and  some  of  the  dynamic  characteristics  of  the  clouds  had  been 
established.  Use  vras  made  in  tlifs  connection  of  the  recommended 
expend itu  'e  of  the  reagent  developed  by  the  lialn  Oeophysical 
Observatory  i/n  Voyeykov  on  the  basis  of  tho  theoretical  investl" 
gatlon  in  connection  v;ith  tho  Introduction  of  a  hygroscopic  re¬ 
agent  into  the  cloud  by  tho  point-source  method  (7ig,  1).  In 
viev;  of  the  fact  that  tho  doses  v;ere  calculated  on  tho  assucQition 
of  a  single  dispersion  of  the  reagent  (actually,  hov/over,  tho 
reagent  had  a  relatively  x^ide  spectrum  of  particle  dimensions 
ranging  from  2  to  ^>0  microns),  tho  doses  of  tho  reagent  occasion¬ 
ally  differed  from  the  calculated  values. 


Me 


Phc.  I.  SiMCMiiocTb  AoiMpoooK  rHrpocRoiiiisecKoro  p«ar«im 
B  naRere  or  sepTHKiAbMoA  mouhocth  rohscrthbrur  oAab- 
ROB  AM  npn  BOJaeftcTBHH  no  THny  ToMeiHoro  NCTO<iHHRa  ne- 
pc3  RixAue  100  M  nyrn. 


Fig.  1.  Relation  between  the 
measured  hygroecoplc  reagent 
in  the  package  and  the  veirti- 
cal  thickness  of  convective 
clouds  seeded  the  point- 
source  methoc^very  other  100 
meters  of  space. 
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Tlio  paol«ceo  contalnlnc  the  hy^roocoplo  roacent  wore 
dropped  by  tho  nxsaaurlnc  device  at  intervals  of  1«*  li5  end 
2,0  secondo,  with  tho  piano  flying  above  tho  upper  part  of  the 
cloud.  'liie  figure 8  on  the  use  of  tho  reacont  aro  cltod  In 
tables  3  and  4  In  v;hlch  account  la  taiMn  of  tho  fact  tliat  the 
piano  usually  flew  at  230-250  lan/hr. 

Control  of  the  Seedlnc  Operations 

The  seedin,":  oporationo  wore  obsorvod  fron  tho  piano  as  v;oll 
as  by  the  uso  of  radar  stations  and  tho  precipitation  moasurin;: 
and  pluvio^raphic  notvrorl:  of  the  tnoteorolocical  testini"  c-onnd. 

Observations  are  raado  fron  tho  plane  ns  it  flies  around  tho 
seoded  cloud  on  tho  sane  level.  Tollowinc  the  observations  of 
the  evolution  in  the  apices  of  the  clouds  the  plane  dropped  to 
tho  lovfer  boundary  of  the  clouds  whoro  observations  wore  nado  at 
the  base  of  the  clouds,  ofthe  incipient  precipitation  and  the 
characteristic  fornatlon  of  precipitation  EonoS'.  Notes  vfore 
made  of  the  tine  tho  precipitation  bo^an,  and  its  intensity  vaa 
estimated  visually^  in  addition,  the  sizo  of  the  precipitation 
zone  tms  measured  c  number  of  times  in  tvro  mutually  perpendicular 
direotions,  in  the  direction  of  the  soedin,':  and  perpendicular  to 
it  (or  in  the  direction  of  tho  vrlnd  and  perpendicular  to  it  at  a 
700  millibar  level),  P.aindrop  samples  vrere  taken  at  the  cross- 
in?;  tho  rain  zones  in  tho  area  of  the  highest  intensity.  In 
soiiM  cases  it  xras  possible  to  observe  the  precipitation  zones 
until  their  complete  deara'l*^tion,  and  ijatch  tho  direction  and 
speed  of  tho  shlftlns  zones. 

Radar  obsorvatlons  v;ore  possible  in  one -third  of  the  o::per- 
Iments,  A  radar  station  was  used  to  fix  the  coordinates  of  tho 
seodinc  area,  establish  the  presence  or  absence  of  a  radio- 
echo  at  the  time  of  seeding  and  the  duration  and  nacnltude  of  tho 
radio-echo  on  the  circular-scope  indicator  os  vfoll  as  the  trajec¬ 
tories  of  the  precipitation  sources  above  the  testing  cround 
and  its  nearest  surround in.'ro.  In  a  number  of  cases  it  ims  poss¬ 
ible  to  estimate  tho  quantity  of  artificial  precipitation  on  the 
tostinjj  ground  on  tho  basis  of  t7ie  figures  provided  by  tho 
pluviometrlc  posts.  Dut  the  basic  data  on  the  convective  cloud 
seedincT  (especially  beyond  tho  ranine  of  the  exporinontal  test¬ 
ing  ground)  vrere  obtained  by  observations  from  tho  plane. 

Analysis  of  the  lixperiments 

Sixty-threo  experiments  in  convective  cloud  seodinc  by  the 
mentioned  hycroscopic  reacent  vrere  carried  out'durinc  the  field 
invosticatlons  in  1966,  Observations  of  the  seeding  effect  v/ore 
raado  in  4?  experiments.  The  basic  characteristics  of  the  cloud 
selected  for  seeding  purposes  are  cited  in  tables  1  and  2, 
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Table  1 


1  T«e«Not  I 

« 

A  H  KM 

1,81- 

-2.0 

2,01- 

-2.5 

2,81- 

—3,0 

5.01- 

•—3,5 

5.81- 

-4,0 

4.01- 

—4,5 

Torai- 

•)  n 

e 

11 

17 

11 

It 

4 

3 

83 

P% 

9.6 

17,5 

27.0 

17.8 

17.8 

6,3 

4.7 

100 

S)  n 

3 

B 

16 

8 

8 

1 

3 

47  1 

P% 

6.4 

17,0 

34.0 

17.0 

17.0 

2,2 

6,4 

100 

Tlie  vortical  thiclcnoas  of  the  convective  clouds  ran^jed  from 
1.1  to  4.1  kllometora.  The  frequency  of  the  vortical  thlclcnosa 
Ah  Is  ahovm  In  table  1  for  the  total  number  of  tests  (a)  and  for 
the  tests  Involving  observations  of  the  seeding;  effect  (b). 

As  Indicated  In  table  1  (b)f  the  thickness  of  the  clouds  ex» 
ceeded  2.  kilometers  In  of  the  cases. 

The  temperatures  at  tho  upper  boundary  of  the  clouds,  *=0,51 
are  shovm  In  table  2. 

Table  2 


fl 

•».r 

■M  6,0tO  0.0 

fro*  -0.1 
to  -6.0 

fre«i_6,l 
to  -12,0 

fr(»-12.1 
to  -18,0 

Total 

,  4)  «' 

2 

16 

31 

14 

63 

P% 

3.2 

25.4 

49.2 

22,2 

100 

8)  H 

2 

14 

22 

9 

47 

P% 

4.3 

29.8 

46,8 

19.1 

100 

In  one -third  of  the  cases  the  temperature  at  the  upper  bound 
ary  of  tho  convective  clouds  \fas  above  -60. 


(Pace  27  of  P.usslan  text  is 
mlssinc  Trans.  ) 


Thirty-one  of  the  seeded  4-7  clouds  under  observation  pro¬ 
duced  precipitation,  tliat  is  In  66/.  of  the  casoj. 

Tho  intensity  of  tho  observable  artificial  precipitation 
may  be  divided  into  t\7o  typoss 
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1)  from  ocattorod  drops  to  a  very  roln.  Such  precip¬ 

itation  \m3  oboervod  In  seven  oases  which  is  15  ’  of  the  cases  of 
convective  clouds  under  observation^  and  22.5  >  of  the  total 
nunber  of  oases  In  ^rhloh  the  ooedlnf:  resulted  In  artificial  pro- 
olpltatlonn 

2)  fron  llffht  to  noderate  rain.  Such  precipitation  t/as 
noted  2^'  oases f  ttiat  Is  in  51/^  of  the  clouds  under  observation, 
and  in  77«5’j  of  the  clouds  v;lth  artificial  precipitation. 

In  16  oases  there  iras  no  precipitation,  which  is  34^  of  the 
total  number  of  cases  under  observation  after  the  seeding. 

We  should  point  out  that  in  table  5  the  nunber  of  seeded 
clouds  under  observation  inoludol  the  clouds  v;ith  a  vertical 
thio!:nesa  of  at  least  l.S  hilomoters.  Tlie  seeding  of  such 
Clouds  does  not  produce  precipitation  if  they  are  not  entirely 
superoooled.  It  is  obviously  inexpedient  to  see  them.  !Jot  oount- 
in;':  these  clouds  (there  wore  five  of  them  in  our  experiments ) , 
the  uso  of  a  mixture  of  sodlun  chloride  irith  cement  for  soedin;; 
purpose s  may  bo  presented  in  table  6  in  a  form  which  is  more  in¬ 
dicative  tlian  table  5> 


Table  6 


Results  of  experiments 

Humber  of 
cases 

1  * 

Without  precipitation 

11 

Tto 

With  precipitations 

31 

74 

1)  from  scattered  to  very  licht  rain 

7 

22. 

2)  lli-iTht  to  moderate  rain 

24 

77.. 

Wunber  of  cases  in  v/lilch  the  seedlncr 
effect  was  observed 

42 

Total  nunber  of  clouds  seeded 

5G 

•e» 

Precipitation  ms  ijhus  noted  in  74  j  of  the  total  number  of 
cases  under  consideration,  rroclpltatlon  of  the  first  typo  vras 
noted  in  17^s  of  the  cases,  ond  of  the  second  typo  in  57^.  Ileavy 
precipitation  vrets  not  observed  in  any  of  the  experiments. 

It  should  bo  pointed  out  that  some  clouds  could  produce 
natural  precipitation,  especially  clouds  \7ith  a  croat  vertical 
thickness  at  loir  necativo  ten^erature  at  the  upper  edee.  That 
is  v/hy  the  procipitation  occurring  after  the  soodini7  (74.',)  can¬ 
not  be  entirely  considered  as  artificial,  ITurthormoro ,  the 
procipitation  of  the  first  typo  (22, 5^^  of  the  cases  of  rain 
clouds)  may  have  no  practical  innortance. 


It  appears  fro«  2'Ie,  2  that  tho  seodlivr  of  clouds  with  a 
vsrtloal  thickness  of  over  2,4  Icllonietors  mao,  as  a  rule,  af» 
feotlvs.  In  soma  oases  a  necativ*  affect  of  the  seeding  vas 
noted  even  In  clouds  \;ho8a  vertloal  thiolmess  exceeded  3*0  kilo* 
meters.  Such  phenomena  are  noted  also  when  clouds  are  seeded 
with  crystalllEinG  reaconts  /2,  4/.  This  shows  that  the  result 
of  the  aeedlnc  depends  not  only  on  the  vertloal  thiolmess  of  the 
cloudy  tho  temperature  at  the  upper  boundary  and  the  doses  of 
the  reaf^ont  but  also  of  other  unaccounted  for  factors  produolns 
a  considerable  effect  on  the  raln^uakin^;  process  in  tho  clouds, 
Such  factors  may  include  certain  unfavorable  structural  and  dy* 
namlo  characteristics  of  the  clouds  developing  4y  the  time  of 
the  seeding  or  immediately  after  it. 


!  A  Hum 

f 


Phc.  3.  9^kt  »03A«AcTaHii  cMeckn  NiCI  c  u(mciitom  •  aiiiicii-  ' 

■ocTi  or  sepTHRMbHoft  MolUHOcTN  kommrtubhhx  odnaKot  a  pac- 
xoAa  pcireHTa  na  )  xii  nyra.  • 

I  ~  *oi«Xb  or  utSora  mo  jriitpciifioro;  I  —  octxiiN,  Me  ai  npe- 

AMU  cjiatfMX;  J  —  ocmkoa;  4  —  90Ha  HfHCM^ocro  aoI' 

jicAcTtna. 

Fig.  2.  The  effect  of  seeding  with  a  odxture  of 
sodium  chloride  &  cement  determined  by  the 
vertical  thicknese  of  the  convective  cloude 
4  the  use  of  the  reagent  per  1  km  of  space. 

1-  light  to  moderate  rainj  2-vory  light  precipitation; 

3  -no  precipitation;  It-ecne  of  the  greateet  aeedlng  effect. 
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An  nnelysis  of  the  use  of  the  reacont  per  unit  of  distance, 
depending  on  the  vertical  thlclaiess  of  the  convective  clouds, 
shows  that  as  the  thlclcness  Increases  from  2.1  to  ^.0  kilo* 
meters,  a  positive  seeding*  effect  nay  be  expected  by  a  corres- 
pondlnn:  reduction  of  the  reacont  from  ^  to  1  kilogram  per  kilo¬ 
meter.  Tlius  \;hon  tho  reagent  is  beinc  dropped  (from  an  IL-1^> 
plane)  everj'  1,5  seconds,  reasent-containlnc  packacea  wol{jhins 
from  0,4  tb  0,1  kilocr^Lm  should  be  used.  This  conclusion  a^^rees 
with  tho  results  of  tho  theoretical  calculations  (Fig,  1), 

Precipitation  is  usually  seen  to  begin  12-lG  minutes  after 
the  seeding.  In  most  cases  the  precipitation  lasted  15*30  min¬ 
utes,  and  in  some  cases  1  hour  and  even  longer. 

'Ihe  size  of  tho  precipitation  zones  produced  by  a  single 
cloud  (perpendicular  to  the  seeding  direction)  vms  1-5  kilometers, 
but  more  frequently  2-3  kilometers. 

Estimating  the  possible  volume  of  artificial  precipitation. 

A  full  os’  Iriato  of  the  actual  volume  of  artificial  precipitation 
on  the  basis  of  the  experiments  could  not  be  made,  as  the  pre¬ 
cipitation  could  not  be  measured  in  all  cases.  But  available 
materials  indicate  the  possibility  of  estimating  the  upper 
limit  of  the  artifiaial  precipitation  resulting  from  the  uso  of 
a  hygroscopic  reagent.  ‘Ihis  can  be  done  by  the  use  of  the  largest 
quantity  of  carefully  measured  artificial  precipitation  as  v;oll 
as  tho  average  monthly  recurrence  of  convective  clouds  above  tho  ex¬ 
perimental  grounds, bearing  in  mind  the  ratio  of  the  number  of 
convective  clouds  producing  artificial  precipitation,  follovfing 
the  use  of  a  hygroscopic  reagent,  to  tho  total  number  of  seeded 
clouds  under  observation. 

The  largest  amount  of  artificial  precipitation  (on  the  ex*> 
porinental  ground)  occurred  on  22  liiy  1966,  That  case  used 
as  a  basis  for  the  calculations  shovm  below.  The  precipitation 
from  the  cloud  lasted  a  total  of  50  minute^  and  the  ground  sur¬ 
face  area  (bounded  by  a  0,1  cm  Isohyet),  according  to  the  pre- 
clpitatlonr-moasurlng  network,  amounted  to  I60  Tlie  precip¬ 

itation  chart  \ras  compiled  on  the  basis  of  the  neasuronents  made 
by  19  pluviographs  11  of  tchich  were  located  in  tho  precipitation 
zone  under  the  seeded  cloud.  Tlie  amount  of  precipitation  \ms 
establis'ied  by  the  planimotric  method.  The  total  precipitation 
amounted  to  71,000  tonsi  the  average  thiclaioss  of  the  precipita¬ 
tion  ragion  0.45  mm. 

Information  based  on  many  years  of  rain-raa!:ing  e:roeriraents 
shows  that  an  average  of  120  Cu  cong,  a  month  suitable' for  seed¬ 
ing  are  observable  in  suninortime  over  the  e::porlnental  ground. 
According  to  oior  figures,  the  number  of  cases  t;lth  significant 
precipitation  accounts  for  57  j  of  the  total  number  of  experimental 
clouds. 


In  terras  of  the  number  of  clouds  producing;  artificlel  pre** 
clpitatlon  when  seeded  with  hysroscoplc  reagents,  it  amounts 
to  n  =  120  X  0.57  “  69  clouds. 

I'alcing  into  account  the  ratio  of  the  precipitation  area 
from  one  cloud  {3  =  I60  lon^)  to  the  experimental  area 
(S  =  3750  !an2),  it  Is  possible  to  determine  the  total  region  of 
additional  precipitation J  0,45  X  3  ~  1»35  ram/month,  that  is 
3,8"a  of  the  average  monthly  precipitetlon  on  the  exi>eriiBental 
area.  It  should  be  pointed  out  that  the  amount  of  precipitation 
including  the  zones  ^there  it  vm.a  less  than  0.1  mm  is  somewhat 
larger  than  vrtiat  v/e  used  in  our  calculation  (according  to  the 
radar  station  data,  the  total  light  area  under  the  cloud  break 
from  the  beginning  to  the  end  of  the  precipitation  v/as  at  least 
220  lan2),  and  it  may  therefore  be  assumed  that  the  average 
monthly  additional  precipitation  may  amount  to  4«*5'S. 

Thus  the  possible  upper  limit  of  the  additional  precipita¬ 
tion  on  the  experimental  area  (When  a  mixture  of  sodium  chloride 
and  cement  is  used  for  seeding  purposes)  is  about  1.5  nin/month. 
In  areas  with  sufficient  humidity  this  qviantity  may,  of  course, 
bo  larger. 

A  summary  table  of  the  seeding  results  is  shown  in  the  ap¬ 
pendix. 


Conclusions 

1,  In  the  1966  experiments  the  large  cumulus  clouds  seeded 
with  a  mixture  of  sodium  chloride  and  cement  (in  a  4;1  weight 
ratio)  produced  artificial  precipitation  ranging  from  light  to 
moderate  in  57^  of  the  cases.  The  usual  duration  of  the  pre¬ 
cipitation  iras  15-30  minutes,  and  in  some  cases  1  hour  and 
longer. 

2,  According  to  an  approximate  estimate,  the  maximum 
possible  quantity  of  artificial  precipitation  on  the  experimental 
meteorological  proving  ground  of  the  Ulcralnlan  Hydrometeorologi¬ 
cal  Scientlf ic-Hesearch  Institute  produced  by  large  cumulus 
clouds  seeded  v/lth  hygroscopic  reagents  cannot  exceed  5'1  of  the 
average  monthly  natural  precipitation.  This  figure  may  be  higher 
in  areas  with  a  more  frequent  recurrence  of  large  cumulus  clouds. 

3,  Practical  tests  with  the  hygroscopic  reagent  revealed 

that  its  optimal  use  per  1  kilometer  of  large  cumulus  clouds  to 
bo  seeded  ranged  from  4  kilograms  (with  =  2.1  Inn)  to  1  Icn 

(with  =  4,0  Ion),  This  conclusion  agrees  v/lth  the  results  of 
the  previous  experiments  carried  out  by  the  Ilain  Oeophyslcal 
Observatory  l/n  Voyeykov. 
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